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Summary
Objective: Arthroscopic partial medial meniscectomy (APMM) is a common procedure to treat a medial meniscal tear. Individuals who undergo
APMM have a heightened risk of developing tibio-femoral osteoarthritis (OA). Cartilage defects scored from magnetic resonance imaging
(MRI) scans predict cartilage loss over time. It is not known whether cartilage defects in the early years following APMM are more common
or of greater severity than in age-matched controls. This study compared the prevalence and severity of tibio-femoral cartilage defects in
patients 3e5 years post-APMM with that of age-matched controls.
Methods: Twenty-ﬁve individuals who had undergone APMM in the previous 46.9 5.0 months and 24 age-matched controls participated in
this study. Sagittal plane knee MRI scans were acquired from the operated knees of patients and from randomly assigned knees of the
controls and graded (0e4) for tibio-femoral cartilage defects. Defect prevalence (score of 2 for any compartment) and severity of the cartilage
from both tibio-femoral compartments were compared between the groups.
Results: The APMM group had greater prevalence (77 vs 42%, P¼ 0.012) and severity (4.1 1.9 vs 2.8 1.1, P¼ 0.005) of tibio-femoral
cartilage defects than controls. Age was positively associated with tibio-femoral cartilage defect severity for APMM, r¼ 0.523, P¼ 0.007,
but not for controls, r¼ 0.045, P¼ 0.834.
Conclusion: Tibio-femoral joint cartilage defects are more prevalent and of greater severity in individuals who had undergone APMM w44
months earlier than in age-matched controls.
ª 2008 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Arthroscopic partial meniscectomy (APM) is a common
surgical procedure performed to treat a meniscal tear. While
in the short-term APM is effective in treating loss of function
and pain associated with a meniscal tear, individuals who
undergo the procedure have a substantially greater preva-
lence of radiographic osteoarthritis (OA) of the tibio-femoral
joint at long-term follow-up than age-matched controls1e6.
Although radiography is considered as the ‘gold standard’
for assessing structural OA, radiographic measures corre-
late poorly with localized cartilage defects7, which can occur
early in the disease process and are predictive of cartilage
loss8,9. Therefore, an alternative modality is required to
assess early cartilage degeneration.*Address correspondence and reprint requests to: Dr David
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1526Arthroscopy and magnetic resonance imaging (MRI) are
the two techniques commonly used for the in vivo assess-
ment of articular cartilage. Articular cartilage cannot be visu-
alized on standard radiographs due to its relatively low
density; thus it is not possible to grade cartilage defects
from standard radiographs. While arthroscopy is the modal-
ity of choice for detecting defects on the cartilaginous surfa-
ce10e13, MRI is non-invasive and can detect cartilage
degradation within the intermediate and basal zones11,12.
Knee cartilage defects are common in the general popula-
tion8,14,15 and there is an increasing body of evidence
suggesting that cartilage defects are indicative of incipient
OA. Cartilage defects have been associated with joint
space narrowing (JSN)16,17, knee pain18, reduced medial
compartment cartilage volume16,17, osteophytosis16,19 and
biochemical markers of type II collagen breakdown16 in the
general population. In individuals with symptomatic knee
OA, cartilage defect severity is positively associated with
KellgreneLawrence scores20 and predictive of cartilage
loss9 and joint replacement at follow-up21. Given that tibio-
femoral OA is common in individuals who have undergone
APM, it is reasonable to hypothesize that cartilage defects,
1527Osteoarthritis and Cartilage Vol. 16, No. 12which are predictive of knee cartilage loss8,9 in both healthy
and OA populations, would be more prevalent and of greater
severity in individuals who have undergone APM. Thus, the
primary aim of this study was to compare the prevalence and
severity of tibio-femoral cartilage defects between APM
patients, 3e5 years post-surgery, and age-matched con-
trols. A secondary aim was to determine whether age or
body mass index (BMI) had an effect on tibio-femoral carti-
lage defect severity following APM.MethodsSELECTION OF PARTICIPANTSOne thousand, one hundred and eighty-seven individuals who underwent
APM at one of two orthopedic clinics between July 2000 and May 2001 were
identiﬁed from their surgical billing codes. Initially, surgical records of these
individuals were reviewed and potential participants excluded if they
were younger than 30 or older than 55 years, or if their surgical records
indicated that they had >33% of their meniscus resected; >2 tibio-femoral
cartilage lesions; a single tibio-femoral cartilage lesion greater than 10 mm
in diameter or exceeding 50% of cartilage thickness (i.e., >2a cartilage
lesion); concomitant knee ligament damage or signs of knee OA. One
hundred and seventy-seven individuals met the initial inclusion criteria and
were sent an information sheet by mail. These individuals were contacted
by telephone approximately 1 week later and invited to undergo further
screening. All of the 177 individuals provided verbal consent to undergo
a telephone screening in which the following secondary exclusion criteria
were applied: BMI> 30 kg/m2; previous lower limb bone or joint injury;
history of knee pain; clinical or structural signs of OA; post-operative compli-
cations; cardiac, circulatory or neuromuscular conditions; diabetes; stroke;
multiple sclerosis and contraindication to MRI. One hundred and one individ-
uals met both primary and secondary eligibility requirements and agreed to
participate in the study. Eighty-four participants underwent arthroscopicInitial screening
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Fig. 1. Participant inclusion/epartial medial meniscectomy (APMM), 12 underwent lateral APM and ﬁve
underwent both medial and lateral APMs. The participants in this study are
a subgroup of 25 individuals who underwent APMM, selected in chronolog-
ical order from the date of surgery. An inclusion/exclusion ﬂow diagram is
presented in Fig. 1.
Surgical records of the patients were reviewed to establish the type of tear
that they had experienced. Type of meniscal tear was deﬁned as traumatic
(longitudinal tears) or degenerative (horizontal, ﬂap and complex tears or
tears in a meniscus exhibiting degenerative changes were classiﬁed). Eight
(32%) individuals were deﬁned as having experienced a traumatic tear, 12
(48%) a degenerative tear, while in ﬁve cases (20%) there was insufﬁcient
detail in the surgeon’s notes to characterize the type of tear.
The control group consisted of 24 individuals aged between 30 and 55
years who responded to advertisements placed in community newspapers
and university-wide emails. Exclusion criteria for the control group were iden-
tical to that for the APMM group, with the exception of the baseline surgical
criteria. The protocol was approved by the University of Western Australia
Human Research Ethics Committee and all participants provided their
informed written consent.
All subjects had their body mass and height measured in light clothing
with footwear removed at the time of a radiographic screening session.
The APMM group underwent radiographic screening for knee joint OA at
both 12.2 3.7 weeks (baseline) and 46.9 5.1 months (follow-up) post-
surgery, while controls underwent a single radiographic screening. Standing,
semi-ﬂexed (30) anterioreposterior radiographs of participants’ knees were
obtained at a single radiography clinic using a Toshiba KXO medium
frequency generator at 65 kV and 36 mA, with a ﬁlm-focus distance of
100 cm. Radiographs were scored by a single trained observer (KS) with
the following assessed: medial JSN (0e3), lateral JSN (0e3), medial femoral
osteophytes (OPs) (0e3), medial femoral OPs (0e3), lateral femoral OPs
(0e3), medial tibial OPs (0e3), and lateral tibial OPs. Radiographs were
available for all control participants and for 23 out of 25 APMM participants
at baseline and 24 out of 25 APMM participants at follow-up.
In the same radiographic screening session, a 1.5-T whole body magnetic
resonance unit (Magnetom Symphony, Siemens, Erlangen, Germany) was
used to obtain a knee MRI scan from each subject. The scans were obtai-
ned from the operated knees of the APMM participants and randomlyLateral APM
n = 12
Medial & lateral
APM
n = 5
s in
gical
xclusion ﬂow diagram.
Table I
Cartilage defect grading scale
Grade Criteria
0 Normal cartilage
0.5 Abnormal signal intensity, with an intact cartilage
surface and bottom
1 Minor abnormality on the surface or bottom,
no loss of thickness
1.5 Moderate abnormality on the surface or bottom,
no loss of thickness
2 Irregularities on the surface or bottom with loss of
thickness <50%
3 Deep ulceration, with loss of thickness >50%
4 Full thickness cartilage loss, with exposure of
subchondral bone
1528 P. M. Mills et al.: Meniscectomy in knee and cartilage defectsassigned knees for the controls. The sequence and parameters used to ob-
tain the scans were: a T1-weighted fat suppressed 3D gradient recall acqui-
sition in the steady state; ﬂip angle 55; repetition time 58 ms; echo time
12 ms; ﬁeld of view 16 cm; 60 partitions; 512 512 matrix; one acquisition
time 11 min 56 s. Sagittal images were obtained with a partition thickness
of 1.5 mm and an in-plane resolution of 0.31 0.31 mm (512 512 pixels).
Cartilage defects in the medial femoral, medial tibial, lateral femoral and
lateral tibial compartments were graded using a modiﬁed version of the
classiﬁcation system previously described21. Each compartment was graded
for cartilage defects using a seven-category interval scale (Table I), in which
a score of zero represents normal cartilage and a score of four indicates the
presence of full thickness cartilage lesions. To be included, a cartilage defect
had to be present in at least two consecutive slices. The MR images were
graded by a single observer (YW) on two occasions, separated by a 2-
week interval. The observer was blinded to participant class and, on the
second occasion, the results of the initial grading. Prevalence of cartilage
defects for a knee was deﬁned as a grading of 2 in any compartment.
Both uni-compartmental (0e4) and cumulative tibio-femoral (0e16) cartilage
defect grades were used to compare severity of cartilage defects between
groups.STATISTICAL ANALYSISA-priori power analysis22 indicated that 26 participants per group were
required to detect an effect size of 0.8 with 80% power using a two-tailed
test with a¼ 0.05. Intra-rater reliability of cartilage defect scores for each
compartment and for the tibio-femoral joint as a whole was quantiﬁed by
intra-class correlation coefﬁcients (ICCs). Grubb’s test23 was used to assess
age, BMI, and tibio-femoral cartilage defect severity from each group for out-
liers. One-way analysis of variance (ANOVA) was used to assess the effect
of group (APMM vs control) on age, height, mass and BMI. Wilcoxon signed-
rank tests were used to assess whether there were differences in gender,
radiographic scores, cartilage defect prevalence and uni-compartmental car-
tilage defect severity between groups. Age, gender, BMI, type of meniscal
tear and time since surgery were recognized as factors that could potentially
confound the effect of group (APMM vs control) on tibio-femoral cartilage de-
fect severity. The relationships of these potential covariates with tibio-femoral
cartilage defect score were assessed through both bivariate and partial cor-
relations, adjusting for group (APMM vs control) and the remaining potential
covariates. Where a signiﬁcant relationship between a potential covariate
and tibio-femoral cartilage defect severity was identiﬁed, an analysis ofTable I
Characteristics of APMM an
Variable APMM (N¼
Age, meanSD (years) 46.8 5.3
Gender, no. female (% female) 7 (27)
Height, meanSD (m) 1.75 0.1
Body mass, meanSD (kg) 79.4 11.
BMI, meanSD (kg/m2) 25.9 2.7
Time since surgery, meanSD (months) 46.9 5.1
Tibio-femoral cartilage defect severity, meanSD 4.1 1.9
SD, Standard deviation.
*Determined by Wilcoxon signed-rank test, all others by one-way ANO
yRefer to text for ANCOVA results (after statistically adjusting for age)covariance (ANCOVA) with a group-covariate interaction term was used to
assess the homogeneity of regression slopes for the covariate and tibio-
femoral cartilage defect score. A full-factorial GLM was then used to assess
the effect of group (APMM vs control) on tibio-femoral cartilage defect
scores, adjusting for the effect of any previously validated covariates. All
analyses were performed using the SPSS statistical package (version
12.0.1, SPSS, Cary, NC) with signiﬁcance deﬁned as P< 0.05.Results
Characteristics of the APMM and control groups are pre-
sented in Table II. No statistically signiﬁcant differences in
age, height, body mass, gender or BMI were identiﬁed
between the two groups. Both baseline and follow-up me-
dial JSN scores of APMM were greater than the controls,
W¼ 515.5; P¼ 0.037 and W¼ 528.0; P¼ 0.043, respec-
tively, however, no other radiographic differences were
identiﬁed between the groups (Table III).
Intra-rater reliability of cartilage defect grading was very
high with uni-compartmental ICCs ranging from 0.953 for
the lateral tibia to 0.997 for the lateral femur, while ICC for
the tibio-femoral joint as a whole was 0.988 (all P< 0.001).
A positive relationship between age and tibio-femoral car-
tilage defect severity was identiﬁed for the APMM group,
r¼ 0.523, P¼ 0.007, but not the control group, r¼ 0.045,
P¼ 0.834, as shown in Fig. 2. This ﬁnding persisted after
controlling for gender, BMI and time since surgery (APM,
r¼ 0.499, P¼ 0.005; control, r¼0.075, P¼ 0.739). BMI
was not associated with tibio-femoral cartilage defect sever-
ity for either APMM, r¼0.124, P¼ 0.556, or the control
group, r¼0.081, P¼ 0.706. No relationship between
time since surgery and tibio-femoral cartilage defect sever-
ity was identiﬁed for the APMM group, r¼0.359,
P¼ 0.078.
Tibio-femoral cartilage defects were more prevalent in the
APMM group than the control group, W(49)¼ 497.0,
P¼ 0.016, with 19 of 25 APMM participants (76%) having
a defect score 2 in at least one tibio-femoral compartment,
compared with 10 of the 24 control participants (42%). The
only compartment in which the APMM group had greater
uni-compartmental cartilage defect scores than the control
group was the lateral femoral compartment,
W(49)¼ 516.5, P¼ 0.022, however, non-signiﬁcant trends
toward greater scores for APMM compared with the control
group were identiﬁed for the medial femoral,W(49)¼ 518.0,
P¼ 0.066, and medial tibial, W(49)¼ 517.0, P¼ 0.086,
compartments (Fig. 3). Overall, tibio-femoral cartilage
defect severity was greater for the APMM than the control
group (4.1 1.9 vs 2.8 1.1), both before, F(1,47)¼ 8.77,
P¼ 0.005, and after adjusting for age, F(2,46)¼ 5.90,
P¼ 0.019.I
d control participants
25) Control (N¼ 24) Univariate test result
43.6 6.6 F(1,47)¼ 3.09, P¼ 0.085
11 (46) W(49)¼ 571.5, P¼ 0.200*
5 1.74 0.11 F(1,47)¼ 0.02, P¼ 0.892
5 76.6 14.3 F(1,47)¼ 0.59, P¼ 0.447
25.1 2.9 F(1,47)¼ 1.24, P¼ 0.271
e e
2.8 1.1 F(1,47)¼ 8.77, P¼ 0.005y
VA.
.
Table III
Radiographic scores of APMM and control participants
Variable Baseline
APMM
(N¼ 23)
Follow-up
APMM
(N¼ 24)
Control
(N¼ 24)
Medial JSN, no. (%) 6 (26) 6 (25) 1 (4)*,y
Medial femoral OPs, no. (%) 0 (0) 1 (4) 3 (13)
Medial tibial OPs, no. (%) 4 (17) 4 (17) 3 (13)
Lateral JSN, no. (%) 0 (0) 0 (0) 1 (4)
Lateral femoral OPs, no. (%) 1 (4) 1 (4) 0 (0)
Lateral tibial OPs, no. (%) 1 (4) 1 (4)z 2 (8)
*Signiﬁcantly different from baseline APMM, P< 0.05.
ySigniﬁcantly different from follow-up APMM, P< 0.05.
zOne APMM participant had a score of 2 for lateral tibial OPs at
follow-up, all other positive radiographic scores¼ 1.
1529Osteoarthritis and Cartilage Vol. 16, No. 12Discussion
The aim of this study was to compare the prevalence and
severity of tibio-femoral cartilage defects between individ-
uals who had undergone APMM and controls. Overall,
tibio-femoral cartilage defects were common, with two out
of ﬁve control participants and three out of four APMM par-
ticipants having at least one defect of grade 2 or greater.
Cartilage defect prevalence within the control group was
similar to that in the study of Ding and colleagues19 who
reported 44% prevalence of knee cartilage defects in their
cross-sectional sample (n¼ 325, mean age 45 years) using
the same criteria. While the prevalence of tibio-femoral car-
tilage defects in an APMM group has not previously been
assessed, our results are similar to those reported for indi-
viduals with symptomatic knee OA20,21.
Tibio-femoral cartilage defect severity was substantially
greater for the APMM than the control group, and this ﬁnd-
ing remained after adjustment for age. Tibio-femoral carti-
lage defect scores for our control group were lower than0
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Fig. 2. Normalized histograms of cartilage defect scores for (a) medial fem
(black bars and solid lines) and control (gthat reported by Ding et al.19, 2.8 vs 4.2, respectively.
This disparity is likely to reﬂect differences in exclusion
criteria between the two studies; the present study excluded
potential participants with knee pain or previously diag-
nosed knee OA, while such individuals were included in
the cross-sectional sample of Ding et al.19. Tibio-femoral
cartilage defect severity within the APMM group was similar
to that previously reported for individuals with symptomatic
knee OA20,21.
In the general population, tibio-femoral cartilage defects
are weakly associated with both BMI24 and age16. We found
no association of BMI or age with tibio-femoral cartilage
defect severity in our asymptomatic control group, but
a strong positive relationship between age and cartilage
defect severity for the APMM group. There is a lack of con-
sensus regarding the effect that age at meniscectomy has
on structural degradation of the tibio-femoral joint. A number
of studies have reported age at surgery to be positively re-
lated to joint degeneration at long-term follow-up1e4,25,26,
while others have reported that age has no inﬂuence27e29.
Ding et al.30 reported that individuals aged >40 years had
a higher rate of cartilage defect progression than their
younger counterparts. Our ﬁnding that age is associated
with cartilage defect severity in the APMM group
supports the notion that older individuals are more likely
to experience tibio-femoral joint degeneration following
APMM than younger individuals. The lack of association be-
tween BMI and tibio-femoral cartilage defect may have been
due to the selection of subjects with BMI less than 30 kg/m2.
Finally, the cross-sectional design of this study and the rela-
tively small sample preclude any ﬁrm conclusions.
We found that cartilage defect severity was associated
with age for the APMM group. The incidence of degenerative
tears increases with age1e4,25, and individuals who undergo
APMM to treat a degenerative tear exhibit worse structural
outcomes than those who are treated for a traumatic
tear2,27,29 leading to the suggestion that a degenerative0
20
40
60
80
100
Lateral Femur
0.0 0.5 1.0 1.5 2.0 3.0 4.0
0.0 0.5 1.0 1.5 2.0 3.0 4.0
0
20
40
60
80
100
Cartilage defect score
Lateral Tibia
b
d
ur, (b) lateral femur, (c) medial tibia and (d) lateral tibia for the APMM
ray bars and dotted lines) groups.
Age (years)
Ti
bi
o-
fe
m
or
al
 d
ef
ec
t s
ev
er
ity
30 35 40 45 50 55
0
2
4
6
8
APM
Control
APM (linear)
Control (linear)
Fig. 3. Age vs tibio-femoral cartilage defect scores for the APMM (ﬁlled circles and solid regression line) and control (open triangles and dotted
regression line) groups.
1530 P. M. Mills et al.: Meniscectomy in knee and cartilage defectsmeniscal tear is a sign of early OA27,29. Due to the non-
standardized arthroscopic reports and the small number of
degenerative and traumatic tears in the present study, we
were unable to assess whether cartilage defect prevalence
and/or severity was inﬂuenced by the type of tear experi-
enced. Further studies are required to segregate the effects
of age and meniscal tear type on cartilage degradation fol-
lowing meniscectomy.
With exception to medial JSN, radiographic scores of
APMM, both at baseline and follow-up, were similar to the
controls. Previous research has questioned the validity of
using JSN as a surrogate measure of cartilage thinning in
individuals with meniscal lesions7. Thus, while the APMM
patients in the present study had greater medial JSN scores
than the control participants, this may have been indicative
of the meniscal excision and not cartilage thinning. The ﬁnd-
ing of greater prevalence and severity of tibio-femoral in
APMM compared with controls, in the absence of deﬁnitive
radiographic changes, contributes to the body of evidence
that suggests MRI is more sensitive than radiography for
identifying early changes in knee joint structure31e34. Early
detection of OA changes in APMM patients may be facili-
tated by the inclusion of MRI-based cartilage defect assess-
ment into follow-up management programs.
This study has a number of limitations. We were unable
to ascertain the MRI-based cartilage defect grades of the
APMM participants at the time of injury, due to the retro-
spective cross-sectional nature of the research. In addition,
the retrospective design precluded the standardization of
written arthroscopic ﬁndings, which may have provided
a surrogate measure of baseline cartilage status in the
APMM group. In order to assess the effect of meniscectomy
on cartilage defect progression, a prospective cohort study
is required. Furthermore, although our sample size was
relatively small and while we only included patients who
had undergone an isolated medial partial meniscectomy,
there was a considerable degree of variation in the extent
and location of excised tissue and in the type of tear.
In conclusion, we have found cartilage defects to be more
prevalent and of greater severity in individuals who had
undergone APMM approximately 4 years earlier than in
a group of control subjects of similar age. Age was associ-
ated with greater tibio-femoral cartilage defect severity for
the APMMs but not for controls. Prospective cohort studiesthat track changes in cartilage defect prevalence and sever-
ity following APMM are needed to determine the factors that
inﬂuence the development and progression of early stage
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